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MULTIPLE FAN MONITORING CIRCUIT FOR MONITORING A NUMBER 
OF FANS UTILIZING A SINGLE SENSE INPUT 



1. Technical Field: 

The present invention relates in general to cooling 
systems for electronic systems and, in particular, to the 
monitoring of the operation of cooling apparatus. More 
particularly, the present invention relates to a multiple 
fan monitoring circuit and method of operation thereof 
for monitoring a number of cooling fans utilizing a 
single sense input . 



Integrated circuits and other electrical devices 
generally have rated operating temperature ranges. 
Within these operating ranges, the devices behave 
according to specified requirements. Outside of the 
rated operating range, the response characteristics of 
the circuits and devices can vary from the specified 
requirements. At elevated temperatures, it is known for 
integrated circuits and other electrical devices to fail 
or burn out or otherwise become defective. Accordingly, 
it is desirable to maintain circuits and devices within 
their rated operating temperature ranges. 
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BACKGROUND OF THE INVENTION 
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Description of the Related Art: 




In a computer system, continued operation of an 
electronic device leads to the generation of heat. In 
some instances, albeit rare, ambient air is sufficient to 
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provide cooling to maintain the circuit or device within 
the desired operating temperature range. However, some 
circuits or components generate enough heat to require 
affirmative cooling from a cooling fan. Typically, 
computers have included a cooling fan inside the computer 
housing to prevent overheating caused by the normal 
operation of the computer. Also, it not uncommon for a 
computer system, such as a server system, to utilize more 
than one cooling fan to maintain a specified operating 
temperature . 

Computer systems must monitor their cooling fans to 
verify that the fans are powered on and rotating at a 
predetermined speed to maintain a desired thermal 
condition that precludes accelerated failures of 
electronic devices utilized in the computer systems. 
Typically, each cooling fan generates a ""feedback" signal 
that provides information, such as rotational speed. A 
monitoring processor, typically a system processor, 
receives this feedback signal at a fan sense pin. As 
additional fans are added to a system, e.g., to 
compensate for additional electronic devices due to 
system upgrades, the number of fans may exceed the number 
of fan sense pins available for monitoring the fans' 
status . 

Accordingly, what is needed in the art is an 
improved method for monitoring cooling fans that 
mitigates the limitations discussed above. More 
particularly, what is needed in the art is a means for 
monitoring the operational status of more than one 
cooling fan utilizing a single sense pin. 
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SUMMARY OF THE INVENTION 

It is therefore an object of the invention to 
provide an improved data processing system. 

It is another object of the invention to provide a 
multiple fan monitoring circuit for monitoring a 
plurality of fans utilizing a single sense input. 

To achieve the foregoing objects, and in accordance 
with the invention as embodied and broadly described 
herein, a multiple fan monitoring circuit for use with a 
plurality of fans, wherein each of the fans operates at a 
different frequency and generates a tach signal 
indicative of the fan operation is disclosed. The 
multiple fan monitoring circuit includes a number of 
waveform shaping networks, wherein each of the waveform 
shaping networks is coupled to a corresponding one of the 
fans. Each of the waveform shaping circuit is utilized 
to waveshape a tach signal generated by its corresponding 
fan. The multiple fan monitoring circuit also includes a 
frequency processing circuit, coupled to the waveform 
shaping networks, that receives the waveshaped tach 
signals at a single sense node. In a related embodiment, 
the frequency processing circuit includes a summing 
circuit, coupled to the single sense node, that combines 
the waveshaped tach signals into a single combined 
signal. The frequency processing circuit also includes a 
frequency discriminator, coupled to the summing circuit, 
that separates the single combined signal into multiple 
components, wherein each of the multiple components 
corresponds to a particular fan. 
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The present invention recognizes that as additional 
fans are added to a system, the number of fan sense pins 
available for monitoring fan status and operation becomes 
a limiting factor. Typically, a system architecture only 
provides a limited number of fan sense lines. As soon as 
the number of fans employed in the system exceed the 
number the number of fan sense lines, the system cannot 
monitor and ensure that all the fans are operational, 
e.g., powered on and rotating at the appropriate speed, 
to maintain a desired thermal condition. The present 
invention overcomes the problem of limited fan sense 
lines by disclosing a novel multiple fan monitoring 
circuit that allows a single sense line to monitor more 
than one fan. 

In another embodiment of the present invention, the 
frequency processing circuit further includes an analog 
to digital converter to convert the single combined 
signal from an analog signal to a digital signal. In an 
advantageous embodiment, a fast fourier transform (FFT) 
process is then utilized to separate the single combined 
signal into multiple components, each of which 
corresponds to a different fan. 

The foregoing description has outlined, rather 
broadly, preferred and alternative features of the 
present invention so that those skilled in the art may 
better understand the detailed description of the 
invention that follows. Additional features of the 
invention will be described hereinafter that form the 
subject matter of the claims of the invention. Those 
skilled in the art should appreciate that they can 
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readily use the disclosed conception and specific 
embodiment as a basis for designing or modifying other 
structures for carrying out the same purposes of the 
present invention. Those skilled in the art should also 
realize that such equivalent constructions do not depart 
from the spirit and scope of the invention in its 
broadest form. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

The novel features believed characteristic of the 
invention are set forth in the appended claims. The 
invention itself however, as well as a preferred mode 
use, further objects and advantages thereof;, will best 
understood by reference to the following detailed 
description of an illustrative embodiment when read in 
conjunction with the accompanying drawings, wherein: 

FIGURE 1 illustrates an exemplary data processing 
system that provides a suitable environment for the 
practice of the present invention; 

FIGURE 2 illustrates a simplified block diagram o 
an embodiment of a multiple fan monitoring circuit 
according to the principles disclosed by the present 
invention; and 

FIGURE 3 illustrates a schematic diagram of an 
embodiment of a multiple fan monitoring circuit in 
accordance with the present invention. 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 



With reference now to the figures and in particular 
with reference to FIGURE 1, there is depicted an 
exemplary data processing system 100 that provides a 
suitable environment for the practice of the present 
invention. Data processing system 100, such as a 
personal computer (PC) , includes a processor 110;^ such as 
a conventional microprocessor, coupled to a number of 
electronic devices. As shown in the illustrated 
embodiment, the electronic devices generally include a 
power supply 160 for providing power, a non-volatile 
memory device, i.e., hard drive 120, and a plurality of 
circuit boards, generally designated 130a-130c, such as a 
graphic adapter card, modem card and network 
communication card. As discussed previously, these 
electronic devices generate heat when they are in 
operation. To dissipate the generated heat and prevent 
component failures due to elevated temperatures, a first 
cooling fan 140 is utilized in the illustrated embodiment 
to provide a means of removing the generated heat from an 
enclosure (not shown) that houses the electronic devices. 
Additionally, a second cooling fan 150 is typically 
employed to prevent a microprocessor from overheating and 
consequently failing. The operation of first and second 
fans 140, 150 are monitored by processor 110 via first 
and second fan sense pins 110a, 110b, respectively. It 
should be noted that in other conventional data 
processing systems, the processor employed may only have 
a single sense pin allocated for monitoring a single 
cooling fan. 
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In the event of that additional electronic devices 
are added to data processing system 100, e.g., firmware 
upgrades or additional circuit boards, such as sound 
cards, the overall thermal characteristics of data 
processing system 100 changes with the increased heat 
generation. These additions to data processing system 
100 may not have considered or envisioned when data 
processing system's 100 architecture was first designed. 
The heat generated by the additional ^^upgrades'' may 
exceed the cooling, or heat dissipation, capacity of 
first and second fans 140, 150. Typically, to mitigate 
the additional heat generated by any additional 
electronic device, first cooling fan 140 may be replaced 
with a greater cooling capacity fan or a third fan (not 
shown) may be installed to compensate for the additional 
heat generated by the additional devices. 

The present invention recognizes that as additional 
fans are added to a system, the number of fan sense pins 
available for monitoring fan status and operation becomes 
a limiting factor. Typically, a system architecture only 
provides a limited number of fan sense lines. As soon as 
the number of fans employed in the system exceed the 
number the number of fan sense lines, the system cannot 
monitor and ensure that all the fans are operational, 
e.g., powered on and rotating at the appropriate speed, 
to maintain a desired thermal condition. The present 
invention overcomes the problem of limited fan sense 
lines by disclosing a novel multiple fan monitoring 
circuit that allows a single sense line to monitor more 
than one fan. 
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Ref erring now to FIGURE 2, there is illustrated a 
simplified block diagram of an embodiment of a multiple 
fan monitoring circuit 200 according to the principles 
disclosed by the present invention. In the illustrated 
embodiment, the operation of first and second fans 210, 
220 are monitored utilizing a single fan sense node 260 
(analogous to the fan sense pins shown in FIGURE 1) , 
Each of first and second fans 210, 220 generates a tach 
feedback signal, i.e., a pulse train, that is indicative 
of the fan's operation. The tach signal provides 
information, such as speed and failure condition, with 
respect to the fan's operation to a monitoring processor 
(not shown) . The monitoring processor, in turn, utilizes 
this information to verify the status and operation of 
the fans. It should be noted that the individual fans, 
i.e., first and second fans 210, 220, are operating at 
different frequencies, specifically at frequencies that 
are not harmonics of each other. This is to preclude any 
aliasing effects when the signals are later combined and 
processed in accordance with the present invention. 

The multiple fan monitoring circuit 200 includes 
first and second shaping networks 230, 240 that receives 
the feedback signals generated by first and second fans 
210, 220, respectively, and ^^waveshape'' the substantially 
square tach feedback signals to produce sinusoidal 
waveforms and to filter out all the unnecessary high 
frequency components. First and second shaping networks 
230, 240 are coupled to a frequency processing circuit 
250 via a fan sense node 260. Frequency processing 
circuit 250 includes a summing circuit 270 that combines 
the waveshaped feedback signals into a single combined 
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feedback signal. Adding the two sinusoidal feedback 
signals results in a composite sense signal that retains 
all of the information required to monitor the status of 
first and second fans 210, 220. 

Frequency processing circuit 250 also includes an 
analog to digital converter 280 and a frequency 
discriminator 290. Analog to digital converter 280 is 
utilized to convert the analog single combined signal 
into a digital form. It should be noted that the 
composite combined signal is somewhat difficult to 
interpret as illustrated by the trigonometric identity: 

sin X H-sin y = 2 [sin (x+y) /2] [cos (x-y) /2] 
However;, the combined signal still retains all the 
necessary information contained in the original signals. 
Frequency discriminator 290, such as a Fast Fourier 
Transform (FFT), can operate on the combined signal to 
extract the frequency information of first and second 
fans' 210, 220 feedback signals. It should be noted that 
the choice of a FFT as a frequency discriminator need not 
be as computationally costly as it might first appear. 
Instead of computing the FFT of the combined signal on a 
continues basis, the computation of the FFT of the 
combined signal may be accomplished at discrete 
intervals, e.g., once every minute. In an advantageous 
embodiment, a sampling rate of 100 Hz is employed. This, 
in turn, will not require much processor bandwidth while, 
at the same time, will provide accurate fan status 
information . 

Referring now to FIGURE 3, there is depicted a 
schematic diagram of an embodiment of a multiple fan 
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monitoring circuit 300 in accordance with the present 
invention. In the illustrated embodiment, first and 
second fans 310, 320 generate feedback signals in the 
form of pulses, i.e., a tach signal, that provide 
information of the operation of the fans. For example, 
each pulse may represent a complete rotation and 
information with respect to fan speed may be extracted 
based on the number of pulses in a given period of time. 
This type of information is particularly useful to a 
monitoring processor so that the speed of the fans may be 
adjusted to the current thermal conditions of the system 
employing the fans. A first and second resistances Rl, 
R2 are utilized to couple the feedback signals of first 
and second fans 310, 320, respectively, to a fan voltage 
Vfan. First and second fans 310, 320 are coupled to a 
shaping network 330 (analogous to first and second 
shaping network 230, 240 in FIGURE 2) that includes first 
and second shaping resistors Rsl, Rs2 and first and 
second shaping capacitors Csl, Cs2. As shown in the 
illustrated embodiment, first shaping resistor Rsl and 
first shaping capacitor Csl are utilized to "waveshape" 
first f an^ s 310 pulse feedback signal into a 
substantially sinusoidal waveform and filter out high 
frequency components. Second shaping resistor Rs2 and 
second shaping capacitor Cs2 perform the same waveshaping 
and filtering function on second fan's 320 feedback 
signal . 

Shaping network 330 also includes a first and second 
blocking capacitor Cbl, Cb2 that are utilized to block 
any DC components of the waveshaped signals. The 
resulting sinusoidal signals are then provided to a 
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summing circuit 340 via third and fourth resistances R3^ 
R4 at node 335 (analogous to fan sense node 260 in FIGURE 
2) , Summing circuit 340 includes a first and second 
operational amplifiers Ml, M2 . In the illustrated 
embodiment, first operational amplifier Ml is configured 
as a summer with its inverting input coupled to node 335. 
A fifth resistance R5 is also utilized in a feedback loop 
from first operational amplifier Ml output to its 
inverting input. Summing circuit 340 also includes sixth 
and seven resistances R6, R7 that couple the noninverting 
input of first operational amplifier Ml to fan voltage 
Vfan and ground respectively. The output of first 
operational amplifier Ml is coupled to the inverting 
input of second operational amplifier M2 . A ninth 
resistance R9 couples the output of second operational 
amplifier M2 to its noninverting input, while an eight 
resistance R8 couples the noninverting inputs of first 
and second operational amplifiers Ml, M2 together. 

As discussed previously, the resultant combined 
analog signal at the output of second operational 
amplifier M2 is converted by a conventional analog to 
digital converter 350 to an equivalent digital signal 
that, in turn, is provided to frequency discriminator 360 
for further processing. As discussed previously, 
frequency discriminator 360 utilizes a FFT operation to 
decompose the equivalent digital signal into its 
constituent frequency components where each frequency 
component represents a fan feedback signal. Frequency 
discriminator 360 may be implemented utilizing 
conventional signal processing devices that are well 
known in the art or, alternatively, in another 
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advantageous ertibodiment, is implemented utilizing 
software programs that readily available and well known 
in the art. The information is provided to and utilized 
by a service processor (analogous to processor 110 in 
FIGURE 1) to determine the operational status of first 
and second fans 310, 320. For example, the absence of a 
signal at a frequency corresponding to, e.g., first fan 
310 would indicate that first fan 310 has failed and is 
not rotating. In this case, the service processor will 
execute a predetermined error recovery operation that may 
include displaying a fan failure prompt on an attached 
display and, in addition, begin shutdown operation of the 
system to prevent overheating the electronic components 
in the system. Although the present invention has been 
described in the context to two fans, those skilled in 
the art should readily appreciate that the present 
invention is not limited to monitoring two fans utilizing 
a single sense input. The multiple fan monitoring 
circuit 300 may be advantageously utilized with any 
number of fans with only one limitation as discussed 
previously. Specifically, fans should not be operate at 
frequencies that are harmonics of each other to preclude 
aliasing problems. 

While the invention has been particularly shown and 
described with reference to a preferred embodiment, it 
will be understood by those skilled in the art that 
various changes in form and detail may be made therein 
without departing from the spirit and scope of the 
invention . 



